INTRODUCTION {#s1}
============

Osteoarthritis (OA) is a highly prevalent joint disorder with a great pain and disability burden[@r1]^)^. It is characterized by the loss of cartilage structure, subchondral bone sclerosis, synovial inflammation, and osteophyte formation with involvement of the whole joint (i.e., joint failure)[@r2]^)^. Different risk factors have been suggested for OA, such as age, female sex, and obesity. However, other potential risk factors have also been suggested, such as the presence of diabetes mellitus (DM), menopause, and high cholesterol levels[@r3],[@r4],[@r5],[@r6]^)^.

Atherosclerosis is also a highly prevalent chronic disorder that has a substantial impact on quality of life and leads to ever-increasing costs to society[@r1], [@r7]^)^. Several observational studies have reported an association between subclinical measures of atherosclerosis and OA of the hands and knees, predominantly among women[@r8],[@r9],[@r10]^)^. Similarly, a greater risk of cardiovascular death has been reported for patients with knee and/or hip OA[@r11]^)^. However, it is unclear whether atherosclerosis and OA are associated as concurrent diseases due to a common etiology or whether they are causally related. The purpose of this study was to investigate the relationship between atherosclerosis and the progression of OA using ultrasonography (US) and plain radiography.

SUBJECTS AND METHODS {#s2}
====================

A total of 70 female patients who visited a physical medicine and rehabilitation outpatient clinic were recruited for this study. All patients with a diagnosis of knee OA according to the American College of Rheumatology criteria were enrolled[@r12]^)^. The local ethics committee approved the study, and all participants provided written informed consent.

Patients with a history of myocardial infarction, percutaneous transluminal coronary angioplasty, surgery for ischemic heart disease, stroke, transient ischemic attack, carotid endarterectomy, inflammatory/infectious arthritis, knee surgery, or intra-articular injection within the previous month were excluded.

Patients were examined by a research physician. None of the patients had redness, swelling, or joint instability upon physical examination. Some had DM and/or arterial hypertension (AH); they did not use any drugs other than those specifically related to DM and AH. All of the patients participating in the study were postmenopausal.

None were smokers. Age, height, weight, and duration of symptoms were evaluated. Patients were clinically assessed for pain and functional status using a visual analog scale (VAS) at rest and at motion and the Western Ontario and McMaster Universities Arthritis Index (WOMAC), respectively. The WOMAC is a three-dimensional, disease-specific, self-administered health status measure that evaluates pain, joint stiffness, and physical function in patients with knee OA. The Turkish version of the WOMAC was used in this study[@r13]^)^.

Laboratory measures were determined using blood samples obtained after at least a 6-hour fast and included tests for glucose, complete blood count, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), and renal/liver function, as well as lipid profiles for total cholesterol (TC), high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, and triglycerides (TG).

Knee radiographs were evaluated using the Kellgren-Lawrence (K-L) grading system (range 1--4), the most widely used method for diagnosing knee OA, focusing on osteophytes and/or joint space narrowing[@r14], [@r15]^)^, and higher grades reflect greater severity of OA. Patients with K-L grades 1 and 2 were included in group 1, while those with K-L grades 3 and 4 were included in group 2.

All ultrasonographic measurements were performed by the same physiatrist using a 5--10-MHz linear probe (Diagnostic Ultrasound System, Shimadzu, Kyoto, Japan). All knees were graded and evaluated for distal femoral cartilage thickness. Distal femoral cartilage assessment was performed as patients lay in a supine position with their knees at maximum flexion. The transducer was placed axially above the outer patellar edge[@r16]^)^. Cartilage thickness measurements were taken from the midpoints of the medial femoral condyle (MFC), intercondylar area (ICA), and the lateral femoral condyle (LFC). Cartilage thickness was measured as the distance between the thin hyperechoic line at the synovial space--cartilage interface and the sharp hyperechoic line at the cartilage--bone interface[@r17]^)^. Cartilage grading (range, 0--6) was performed by evaluating the sharpness, clarity, and thickness of the cartilage band[@r16]^)^, and higher grades reflect greater severity of the disease. Patients with cartilage 1--3 were included in group 1, while those with cartilage grades 4--6 were included in group 2.

Carotid intima-media thickness (CIMT) measurements were obtained for both groups. All measurements were made by the same examiner in a quiet room in which the patient had been resting for 15 minutes. Participants were in the supine position with the neck extended. Ultrasound analysis of both common carotid arteries was performed by the same radiologist, who was not informed of the participants' histories or clinical/laboratory measurements. Measurements were performed using a B-mode high-resolution HD 15 ultrasound (Philips Healthcare, Bothell, WA, USA) with a 5--12 MHz linear probe. The distance between the lumen-intima interface and the leading edge of the media-adventitia interface of the far wall was taken to represent the intima-media thickness. After localization of the common carotid artery, cross-sectional measurements were performed 10 mm proximal to the carotid bulb. Areas with mural atherosclerotic plaque were excluded from measurement. Three measurements were performed on each side. The mean for each side (right and left) was calculated and recorded. Focal widening of the vessel walls by 50% relative to adjacent segments with protrusion into the lumen or an intima-media thickness of \>1.5 mm was defined as plaques. None of the patients had atherosclerotic plaque.

Statistical analyses were performed with IBM SPSS Statistics version 21. Data were expressed as the mean ± standard deviation for nominal variables and as the median (minimum-maximum) for ordinal variables. The normal distribution and homogeneity of each parameter was tested with independent samples t-tests. The Mann-Whitney U-test was used for data with non-normal distributions. Correlations among CIMT and disease measures were assessed by Spearman's correlation coefficients. Categorical variables (i.e., the presence of DM and/or AH) were evaluated with the χ^2^ test. Statistical significance was set at p\<0.05.

RESULTS {#s3}
=======

Measurements of the 70 patients' symptomatic knees were analyzed. The demographic characteristics of the patients are presented in [Table 1](#tbl_001){ref-type="table"}Table 1.The clinical and demographic characteristics of the patients with OAPatients with OA (n=70)Age (years)61.6 ± 8.2Height (m)1.58 ± 0.1Weight (kg)78.1 ± 14DM, n (%)19 (27.1)AH, n (%)44 (62.9)Duration of symptoms (years)8.87 ± 4.5WOMACPain11.4 ± 2.9Stiffness4.64 ± 1.5Function42.9 ± 6.8VASAt rest4.47 ± 0.9At motion7.5 ± 0.9ESR (mm/h)19.9 ± 11.5CRP (mg/l)0.53 ± 0.5TC (mg/dl)230.6 ± 40.7TG (mg/dl)183.4 ± 82.2HDL (mg/dl)50.9 ± 11LDL (mg/dl)134.2 ± 34.5CIMT (mm)0.81 ± 0.2Values are shown as the mean ± standard deviation or median (25--75 interquartile range). OA: osteoarthritis; DM: diabetes mellitus; AH: arterial hypertension; WOMAC: Western Ontario and McMaster Universities Arthritis Index; VAS: visual analog scale; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; TC: total cholesterol; TG: trygliseride; HDL: high-density lipoprotein; LDL: low-density lipoprotein.

Patients were divided into two group based on K-L grade. The duration of symptoms (p=0.012), WOMAC pain (p=0.049), WOMAC stiffness (p=0.002), WOMAC function (p\<0.001), VAS at rest (p=0.036), and VAS at motion (p=0.005) values were found to be higher in group 2 than in group 1. Cartilage thicknesses for the MFC, ICA, and LFC (p\<0.001) and height (p=0.004) were found to be higher in group 1 than group 2 ([Table 2](#tbl_002){ref-type="table"}Table 2.Radiographic evaluation of patients' knees of according to the K-L grading systemGroup 1 (n=39)\
(grades 1--2)Group 2 (n=31)\
(grades 3--4)Age (years)60.5 ± 7.863.0 ± 8.6Height (m)1.60 ± 0.051.56 ± 0.05\*Weight (kg)78.9 ± 9.877.0 ± 18.2DM, n (%)9 (23.1)10 (32.3)AH, n (%)21 (53.8)23 (74.2)Duration of symptoms (years)7.7 ± 4.410.4 ± 4.3\*WOMACPain10.8 ± 3.112.2 ± 2.5\*Stiffness4.18 ± 1.55.22 ± 1.3\*Function40.5 ± 6.646.0 ± 5.8\*VASAt rest4.28 ± 0.94.71 ± 0.8\*At motion7.21 ± 0.97.87 ± 0.8\*Cartilage thickness (mm)MFC2.24 ± 0.51.52 ± 0.2\*ICA2.48 ± 0.41.89 ± 0.3\*LFC2.41 ± 0.41.7 ± 0.3\*ESR (mm/h)19.97 ± 11.419.8 ± 11.9CRP (mg/l)0.54 ± 0.40.53 ± 0.5TC (mg/dl)229.2 ± 38.3232.5 ± 44.1TG (mg/dl)171.5 ± 85.9198.2 ± 76HDL (mg/dl)51.4 ± 10.950.3 ± 11.2LDL (mg/dl)131.9 ± 32.8137.1 ± 36.8\*p\<0.05. Values are shown as the mean ± standard deviation or median (25--75 interquartile range). OA: osteoarthritis; K-L: Kellgren-Lawrence; DM: diabetes mellitus, AH: arterial hypertension; WOMAC: Western Ontario and McMaster Universities Arthritis Index; VAS: visual analog scale; MFC: medial femoral condyle; ICA: intercondylar area; LFC: lateral femoral condyle; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; TC: total cholesterol; TG: trygliseride; HDL: high-density lipoprotein; LDL: low-density lipoprotein).

Patients were also divided into two groups based on the ultrasonographic cartilage grading system. The duration of symptoms (p=0.002), WOMAC pain (p=0.007), WOMAC stiffness (p=0.001), WOMAC function (p\<0.001), VAS at rest (p=0.002), and VAS at motion (p=0.001) values were found to be higher in group 2 than in group 1. Cartilage thicknesses for the MFC, ICA, and LFC were found to be higher in group 1 than group 2 (p\<0.001) ([Table 3](#tbl_003){ref-type="table"}Table 3.Ultrasonographic evaluation of patients' knees of according to the cartilage grading systemGroup 1 (n=30)\
(grades 1--3)Group 2 (n=40)\
(grades 4--6)Age (years)60.3 ± 8.362.6 ± 8.1Height (m)1.60 ± 0.11.57 ± 0.1Weight (kg)79.0 ± 10.277.4 ± 16.4DM, n (%)6 (20)13 (32.5)AH, n (%)19 (63.3)25 (62.5)Duration of symptoms (years)7.0 ± 4.310.3 ± 4.2\*WOMACPain10.5 ± 2.612.1 ± 2.9\*Stiffness4.0 ± 1.55.12 ± 1.3\*Function38.9 ± 6.346.0 ± 5.6\*VASAt rest4.1 ± 0.94.75 ± 0.8\*At motion7.03 ± 0.97.85 ± 0.8\*Cartilage thickness (mm)MFC2.38 ± 0.41.58 ± 0.2\*ICA2.58 ± 0.41.95 ± 0.3\*LFC2.55 ± 0.31.75 ± 0.3\*ESR (mm/h)22.2 ± 1118.2 ± 11.7CRP (mg/L)0.59 ± 0.40.49 ± 0.4TC (mg/dl)229.3 ± 35.7231.7 ± 44.5TG (mg/dl)164.7 ± 79.4197.3 ± 82.5HDL (mg/dl)52.65 ± 10.949.6 ± 11LDL (mg/dl)131.7 ± 30.9136.2 ± 37.2\*p\<0.05. Values are shown as the mean ± standard deviation or median (25--75 interquartile range). OA: osteoarthritis; K-L: Kellgren-Lawrence; DM: diabetes mellitus; AH: arterial hypertension; WOMAC: Western Ontario and McMaster Universities Arthritis Index; VAS: visual analog scale; MFC: medial femoral condyle; ICA: intercondylar area; LFC: lateral femoral condyle; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; TC, total cholesterol; TG: trygliseride; HDL: high-density lipoprotein; LDL: low-density lipoprotein).

CIMT measurements were higher in group 2 than in group 1 according to both the K--L and the cartilage grading systems (p=0.001 and p=0.002, respectively) ([Table 4](#tbl_004){ref-type="table"}Table 4.Carotid intima-media thickness according to K-L and cartilage grading system in patients with OAK-L gradingCartilage gradingGroup 1\
(n=39)\
(grades 1--2)Group 2\
(n=31)\
(grades 3--4)Group 1\
(n=30)\
(grades 1--3)Group 2\
(n=40)\
(grades 4--6)CIMT (mm)0.76 ± 0.20.88 ± 0.2\*0.75 ± 0.20.86 ± 0.2\*\*p\<0.05. Values are shown as the mean ± standard deviation or median (25--75 interquartile range).OA: osteoarthritis; K-L: Kellgren-Lawrence; CIMT: carotid intima-media thickness).

There were positive correlations between CIMT measurements and WOMAC stiffness (r=0.265, p=0.026), WOMAC function (r=0.265, p=0.027), VAS at motion (r=0.309, p=0.009), LDL cholesterol (r=0.260, p=0.029), cartilage grade (r=0.369, p=0.02), and K--L grade (r=0.387, p=0.01) ([Table 5](#tbl_005){ref-type="table"}Table 5.Correlation with carotid intima-media thickness in OA patientsCorrelation coefficientAge (years)0.266Height (m)−0.088Weight (kg)−0.059Duration of symptoms (years)0.180WOMACPain0.141Stiffness0.265\*Function0.265\*VASAt rest0.099At motion0.309\*ESR (mm/h)−0.103CRP (mg/l)0.028TC (mg/dl)0.140TG (mg/dl)0.210HDL (mg/dl)−0.299\*LDL (mg/dl)0.260\*Cartilage thickness (mm)MFC−0.339\*ICA−0.375\*LFC−0.347\*Cartilage grading (1--6)0.369\*K-L grading (1--4)0.387\*\*p\<0.05. Values are shown as the mean ± standard deviation or median (25--75 interquartile range). OA: osteoarthritis; WOMAC: Western Ontario and McMaster Universities Arthritis Index; VAS: visual analog scale; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; TC: total cholesterol; TG: trygliseride; HDL: high-density lipoprotein; LDL: low-density lipoprotein; MFC: medial femoral condyle; ICA: intercondylar area; LFC: lateral femoral condyle; K-L: Kellgren-Lawrence).

There were negative correlations between CIMT measurements and HDL cholesterol (r=−0.299, p=0.012) and the following measures of cartilage thickness as assessed by ultrasonography: MFC (r=−0.339, p=0.004), ICA (r=−0.375, p=0.001), and LFC (r=−0.347, p=0.003) ([Table 5](#tbl_005){ref-type="table"}).

DISCUSSION {#s4}
==========

This study evaluated the association between CIMT and radiographic and ultrasonographic knee OA grades. The results showed that CIMT measurements were positively correlated with both the K-L grade and cartilage grade. Additionally, WOMAC stiffness, WOMAC function, and VAS scores at motion were also found to be positively correlated with CIMT measurements.

Both OA and atherosclerosis are common causes of morbidity and mortality. Arterial wall thickening has a strong prognostic value for cardiovascular diseases, and CIMT assessment allows easy identification of patients at risk, as shown in a recent systematic review and meta-analysis[@r18]^)^. Today, there is widespread acceptance of CIMT as a reliable and easily reproducible noninvasive marker of preclinical atherosclerosis and future cardiovascular disease risk[@r19]^)^. Early detection of atherosclerosis with a simple CIMT measurement and the use of related precautions can be life-saving for most patients. The relationship between OA and increased cardiovascular risk is not fully understood.

Different mechanisms have been postulated to explain the potential association between atherosclerosis and OA. One hypothesis is that they are concurrent diseases that share etiological features and risk factors[@r8], [@r20], [@r21]^)^. Systemic inflammation caused by visceral adipose tissue could explain a shared pathogenesis and may consequently highlight a target for the prevention and treatment of atherosclerosis and OA[@r22], [@r23]^)^. Another hypothesis is that atherosclerotic disease plays an initiating role by causing microcirculatory disturbances in the synovial membrane and subchondral bone that contribute to the cartilage destruction and pathophysiological processes of OA[@r9], [@r24], [@r29]^)^. This hypothesis was put forth by Johnsson et al., who demonstrated an association between hand OA and atherosclerosis in older women[@r9], [@r24]^)^. However, several genes, including the Klotho gene, have been found to be associated with both conditions, and a variety of other mechanisms may be involved, including inflammation and the accumulation of advanced glycation end-products[@r25],[@r26],[@r27],[@r28]^)^.

Johnsson et al. showed that when data were coupled to evidence of hand OA, there was clearly significant positive association in females, with those having total knee or hip replacements and hand OA exhibiting the highest level of atherosclerosis[@r30]^)^. In another study, independent correlations were reported between measures of atherosclerosis and the prevalence of knee and/or hand OA in women after adjusting for cardiovascular risk factors[@r10]^)^. In the present study, CIMT measurements were found to correlate positively with the presence and progression of knee OA in women.

Cigarette smoking, a poor-quality diet, physical inactivity, excessive alcohol consumption, and obesity are all recognized as major preventable causes of coronary heart disease and premature mortality[@r31],[@r32],[@r33],[@r34]^)^. The risk of atherosclerosis is higher in men than in women, but its prevalence in women increases rapidly with certain risk factors, such as menopause, obesity, increasing age, and the presence of DM. In addition, knee pain, such as that caused by OA, can lead to a sedentary lifestyle, and cardiometabolic syndrome might also be present[@r10]^)^. In our study, CIMT, as a marker of preclinical atherosclerosis, increased in menopausal women with severe knee OA. Notably, CIMT measurements were significantly higher in patients who experienced pain during motion and/or functional disability in daily life.

The imaging modalities most frequently used are conventional radiography and, within the last decade, ultrasonography[@r35]^)^. Radiographically diagnosed OA is believed to be most commonly manifested in the knee joint[@r36]^)^.

Cartilage thickness is indirectly evaluated by measuring the joint space width. However, variability in knee positioning can lead to variations in these estimates[@r36]^)^. Another major limitation of measuring the joint space width is that clinicians can only measure the sum of the two opposing cartilage layers and cannot measure the individual cartilage layer thicknesses[@r37], [@r38]^)^.

Ultrasonography is a noninvasive, widely available, and relatively inexpensive technique. It can be promptly performed, is easily accepted by patients, is a radiation-free diagnostic test, and does not have any contraindications[@r39]^)^. A previous study reported good agreement between cartilage thickness measurements obtained by magnetic resonance imaging (MRI) and those obtained by ultrasonography[@r40],[@r41],[@r42]^)^. The present study showed an association between radiographic and ultrasonographic grades for clinical features of knee OA. At the same time, in patients with knee OA, there was a correlation between CIMT and both radiographic and ultrasonographic grades.

Despite widespread interest in the community, few studies have addressed the relationship between atherosclerosis and OA. This is the first study to explore the relationship between subclinical atherosclerosis and ultrasonographic findings in patients with knee OA. This study showed that ultrasonography is a valid and reliable method for evaluating OA progression. Further research into the pathogenesis of increased cardiovascular risk in patients with OA should be a high priority, as many risk factors are likely to be modifiable.
